The objective of this study was to demonstrate differences in aspects of adipose tissue cellularity, lipid metabolism, and fatty and cholesterol composition in Angus and Brahman crossbred cattle. We hypothesized that in vitro measures of lipogenesis would be greater in three-fourths Angus progeny than in three-fourths Brahman progeny, especially in intramuscular (i.m.) adipose tissue. Progeny (n = 227) were fed a standard, corn-based diet for approximately 150 d before slaughter. Breed was considered to be the effect of interest and was forced into the model. There were 9 breed groups including all 4 kinds of threefourths Angus calves: Angus bulls × Angus-sired F 1 cows (n = 32), Angus bulls × Brahman-sired F 1 cows (n = 20), Brahman-sired F 1 bulls × Angus cows (n = 24), and Angus-sired F 1 bulls × Angus cows (n = 20). There were all 4 kinds of three-fourths Brahman calves: Brahman bulls × Brahman-sired F 1 cows (n = 21), Brahman bulls × Angus-sired F 1 cows (n = 43), Brahman-sired F 1 bulls × Brahman cows (n = 26), and Angus-sired F 1 bulls × Brahman cows (n = 13). Additionally, F 2 calves (one-half Brahman and onehalf Angus) were produced only from Brahman-sired F 1 bulls × Angus-sired F 1 cows (n = 28). Contrasts were calculated when breed was an important fixed effect, using the random effect family(breed) as the error term. Most contrasts were nonsignificant (P > 0.10). Those that were significant (P < 0.05) included cholesterol concentration of subcutaneous (s.c.) adipose tissue (three-fourths Angus > F 2 , three-fourths Brahman > F 2 , and three-fourths crossbred progeny combined > F 2 ), s.c. adipocyte volume (three-fourths Angus > F 2 and three-fourths bloods combined > F 2 ), lipogenesis from acetate in s.c. adipose tissue (three-fourths Brahman calves from Brahman dams > three-fourths Brahman calves from F 1 dams), and percentage 18:3n-3 in s.c. adipose tissue (three-fourths Brahman calves from Brahman-sired F 1 dams < threefourths Brahman calves from Angus-sired F 1 dams). Intramuscular adipocyte volume (P < 0.001) was less in three-fourths Brahman cattle than in three-fourths Angus cattle. Additionally, several differences were observed in i.m. adipose tissue that were consistent with this being a less-developed adipose tissue in three-fourths Brahman cattle than in three-fourths Angus cattle.
INTRODUCTION
We have reported several comparisons of adipose tissue metabolism and in Bos taurus and Bos indicus steers and heifers, the earliest being a comparison of carcass quality and beef tenderness of Hereford, Hereford × Brahman, Brahman × Hereford, and Brahman steers (Wheeler et al., 1990) . Subsequent studies compared subcutaneous (s.c.) and intramuscular (i.m.) adiposity and lipogenic capacity in Angus and Santa Gertrudis (Miller et al., 1991) and Angus and Braford steers (St. John et al., 1991) . These studies suggested that any possible genetic differences in adipose tissue metabolism between B. taurus and B. indicus breed types were expressed only when there were visible differences in marbling score and adjusted fat thickness (AFt). Fatty acid composition was compared in mature Hereford and Brahman cows in a later study that suggested that fatty acid Δ9 desaturase enzyme activity (stearoyl-CoA desaturase [SCD] ) was greater in the Brahman cows (Huerta-Leidenz et al., 1993) , which was supported by a subsequent study in growing Hereford and Brahman calves (HuertaLeidenz et al., 1996) .
Our previous investigations suffered from samples sizes that were too small to establish true genetic differences for measures of adipose tissue lipid metabolism or fatty acid composition. The current investigation was designed to establish genetic differences in i.m. and s.c. adipose tissue metabolism, cellularity, and fatty acid composition between Angus and Brahman resource families raised to a constant age endpoint (Yeh et al., 1996; Taylor et al., 1998) . We hypothesized that in vitro measures of lipogenesis would be greater in three-fourths Angus progeny than in three-fourths Brahman progeny, especially in i.m. adipose tissue. To our knowledge, this represents the only documentation of differences in adipose tissue cellularity and in vitro metabolism in a resource population of beef cattle.
MATERIALS AND METHODS

Animals and Diet
All procedures and protocols involving the use of these animals were approved by the Texas A&M University Laboratory Animal Care Committee. The Angleton resource families were developed from Brahman and Angus purebred cattle by multiple ovulation and embryo transfer. Brahman and Angus cattle were crossbred to produce the F 1 offspring, which were mated inter se to produce F 2 offspring and backcrossed to produce three-fourths Brahman one-fourth Angus and three-fourths Angus one-fourth Brahman calves (Yeh et al., 1996; Taylor et al., 1998) . Calves were weaned at a mean of 233 d (SD 24) of age. After backgrounding on native Texas pasture for 220 ± 29 d, steers and heifers were adapted over a 2-wk period to a high-corn finishing diet (Table 1) . Progeny were fed the corn-based diet for 155 ± 15 d before slaughter. Steers and heifers were slaughtered in groups of 10, balanced across progeny groups, at the Rosenthal Meat Science and Technology Center on the Texas A&M University campus (College Station, TX). The threefourths Angus and three-fourths Brahman offspring were slaughtered in July 1993 (n = 39), October and November 1993 (n = 59), May and June 1994 (n = 26) , and October and November 1994 (n = 75). The F 2 offspring were slaughtered in April 1995 (n = 28).
Cattle
This study included records from 227 progeny, representing the first 4 sampling groups from 602 Angleton resource cattle (Kim et al., 2003; King et al., 2006) . There were 9 breed groups including all 4 kinds of three-fourths Angus calves: Angus bulls × Angussired F 1 cows (n = 32), Angus bulls × Brahman-sired F 1 cows (n = 20), Brahman-sired F 1 bulls × Angus cows (n = 24), and Angus-sired F 1 bulls × Angus 1 From 8 to 10 mo of age, the hay-fed cattle were supplemented with cubes (20% protein) to provide the same CP as the steers fed the finishing diet.
2 Vitamin premix: 60% ground limestone, 16% trace mineralized salt (98%NaCl, 0.28% Mn, 0.175% Fe, 0.035% Cu, 0.007% I, and 0.007% Co), 13% monodicalcium phosphate, 6.7% potassium chloride, 3.3% vitamin premix (2,200,000 IU/kg vitamin A, 1,100,000 IU/kg vitamin D, and 2,200 IU/kg vitamin E), and 0.33% zinc oxide.
3 Contains 1.65 g/kg monensin sodium (Rumensin; Elanco Animal Health, Greenfield, IN).
4 Calculated values based on estimates from the NRC (2000).
cows (n = 20). There were all 4 kinds of three-fourths Brahman calves: Brahman bulls × Brahman-sired F 1 cows (n = 21), Brahman bulls × Angus-sired F 1 cows (n = 43), Brahman-sired F 1 bulls × Brahman cows (n = 26), and Angus-sired F 1 bulls × Brahman cows (n = 13). There were also F 2 calves (one-half Brahman and one-half Angus; n = 28) produced only from matings of Brahman-sired F 1 bulls with Angus-sired F 1 cows.
Sampling
Samples for lipogenesis, cellularity, and enzyme assays were obtained as described in Miller et al. (1991) . Briefly, the longissimus muscle and overlying s.c. adipose tissue from the fifth to eighth thoracic region were removed immediately after exsanguination by cutting through the hide. The sample was transported to the laboratory in 37°C Krebs-Henselheit Ca 2+ -free bicarbonate buffer containing 5 mM glucose. In the laboratory, samples of s.c. and i.m. adipose tissue were removed by dissection and placed in 37°C Krebs-Henselheit buffer containing 5 mM glucose until used for in vitro incubations or analysis of enzyme activities (within 5 min of dissection).
Lipogenesis in vitro
Adipose tissue slices (80 to 100 mg) were incubated in duplicate for 60 min in 3 mL of Krebs-Henselheit buffer (pH 7.4) as described by Smith et al. (1996) with modifications. Flasks contained either 10 mM acetate and 10 mM glucose plus 1 μCi [1-14 C]acetate per flask in Krebs-Henselheit buffer or a combination of 10 mM glucose plus 1 μCi [U-14 C]glucose and 0.75 mM sodium palmitate plus 0.5 μCi [9,10-3 H]palmitate in Krebs-Henselheit buffer. Flasks containing glucose plus palmitate also contained fatty acid poor Fraction V BSA (30 mg/mL; Sigma Chemical Co., St. Louis, MO). Extraction of the lipid and counting of radiolabeled lipid were as previously described . A concentration of 10 mM acetate in the presence of 10 mM glucose yields maximal rates of lipogenesis from acetate (Prior and Jacobson, 1979; S.B. Smith, unpublished observations) . Similarly, 10 mM glucose, in the absence of added acetate, yields maximal rates of lipogenesis from glucose; the addition of acetate to the medium strongly depresses fatty acid biosynthesis from glucose (Smith and Prior, 1982) . Lipid synthesis from palmitate is half-maximal at 0.75 mM palmitate (Lin et al., 1992) .
Lipogenic Enzyme Activities
Enzyme activities were measured essentially as described by Miller et al. (1991) . Fresh portions of s.c. and i.m. adipose tissue were homogenized on ice for 15 s in 3 volumes of 0.25 M sucrose and 0.01 M dithiothreitol with a Polytron homogenizer (Brinkman Instruments, Houston, TX) set at medium speed. The homogenate was centrifuged at 5,000 × g for 15 min at 4°C, and the supernatant fraction was centrifuged at 15,000 × g for 30 min at 4°C. Nicotinamide adenine dinucleotide phosphate-malate dehydrogenase (NADP-MDH) activity was determined as described by Ochoa (1955) . Glucose-6-phosphate dehydrogenase (G6PDH) and 6-phosphogluconate dehydrogenase (6PGDH) were assayed as described by Bernt and Bergmeyer (1974) . Substrate concentrations for all assays yielded maximal catalytic rates (Smith and Prior, 1981; Smith and Crouse, 1984) .
Fatty Acids and Cholesterol
Fatty acid composition was measured as described in Chang et al. (1992) . Samples of s.c. adipose tissue were extracted by the Folch et al. (1957) procedure, and the extracted lipids were methylated according to Morrison and Smith (1964) , modified to include 4 times the prescribed amount of boron trifluoride. The hexane lipid extract was evaporated to dryness and redissolved in 300 μL of hexane. A 1-μL aliquot was injected into a Packard Chrompack model 437A gas chromatograph (Packard Chrompack, Downers Grove, IL). Fatty acid methyl esters were separated on a 2 m by 2 mm (i.d.) column packed with 15% CPSil (Chrompack, Inc., Middelburg, The Netherlands). Detector and injector temperatures were 250°C. The column was run isothermally at 180°C with nitrogen as the carrier gas. Fatty acid peaks were identified by comparison with an external standard (Nu-Chek Prep, Elysian, MN). Areas of the peaks were provided by a Spectraphysics SP4290 recording integrator (Spectra Physics Inc., San Jose, CA) and were used to calculate weight percentages of the fatty acids.
Cholesterol content was measured as described by Sweeten et al. (1990) . Lipid extracts of s.c. adipose tissue were saponified according to Rhee et al. (1982) with modifications as described by Edwards-Bohac et al. (1986) . The unsaponified fraction was extracted with hexane and evaporated under nitrogen, and the residue was used for the colorimetric determination of cholesterol (Searcy and Bergquist, 1960) .
Microsome Extraction and Measurement of Fatty Acid Elongase and Δ9 Desaturase Activities
The microsomal fractions were prepared as previously described (St. John et al., 1991) , with the omission of the ultracentrifugation step. Each tissue sample was homogenized in 3 volumes of buffer (wt/vol) in a Virtis homogenizer (The Virtis Company, Inc., Gardiner, NY) for 1 min. The buffer contained 0.25 M sucrose, 0.01 M potassium phosphate, 1 mM EDTA (pH 7.4), and 1 mM dithiothreitol. The homogenate was centrifuged at 5,000 × g for 15 min at 4°C and the supernate was decanted into another tube and the fat cake and pellet were discarded. The supernate was centrifuged for 30 min at 17,300 × g at 4°C, decanted into another tube, and fast frozen in liquid nitrogen and stored at -70°C until subsequent analysis. Protein concentration was analyzed using a biuret method (McGilvery and Mokrasch, 1956) .
The fatty acid elongation assay contained 2 mM nicotamide adenine dinucleotide reduced, 2 mM nicotinamide adenine dinucleotide phosphate reduced, 1 mM KCN, 100 mM Tris HCl (pH 7.4), 30 μM palmitoyl-CoA, 0.025 μCi [1-14 C]malonyl-CoA, and 5 mg of supernate protein in a total volume of 1.5 mL (St. John et al., 1991) . The reaction was initiated by the addition of the supernate and was performed for 7 min in a 3°C water bath. The incubations were terminated by the addition of 3 mL 10% KOH in methanol and then heated at 7°C for 30 min. The solution was acidified by adding 9 mL of 3 N HCl, and the fatty acids were extracted by washing the solution 3 times with 9 mL n-pentane and then by washing the combined extract with 9 mL of acidic water (pH 3). The pentane phase was evaporated to dryness under nitrogen with a Multi-Vap evaporator (Organomation Associates Inc., South Berlin, MA), and radioactivity was determined using a Beckman liquid scintillation spectrometer (Beckman Instruments, Fullerton, CA).
The SCD assay contained a solution of 100 mM Tris-HCl (pH 7.4), 2 mM nicotamide adenine dinucleotide reduced, 25 μM palmitoyl-CoA, 0.025 μCi [1-14 C]palmitoyl-CoA, and 5 mg of supernate protein in a total volume of 1.5 mL (St. John et al., 1991) . The reaction was initiated by the addition of the supernate and was performed for 7 min in a 3°C water bath. The incubations were terminated as described above. The pentane phase was evaporated to dryness under nitrogen with the Multi-Vap evaporator and then methylated with 14% BF 3 in methanol. The methyl esters were separated by using a 10% AgNO 3 plate in a hexane:diethylether solvent system (9:1). The plates were sprayed with a 0.2% dichlorofluoroscein in ethanol. The spots were scraped and counted using a Beckman liquid scintillation spectrometer (Beckman Coulter Inc., Brea, CA). The specific activity of the labeled palmitoyl was used to calculate the rates of palmitoleate formation. Rates for elongase and SCD activity are reported as nanomoles of product per 10 5 cells per minute, and substrate concentrations yielded maximal catalytic rates (St. John et al., 1991; Archibeque et al., 2005) .
Cellularity
Procedures outlined by Smith et al. (1996) were used to determine adipocyte cellularity. Adipose tissue slices were rinsed with 0.154 M NaCl at 37°C and placed in vials containing 0.4 mL collidine HCl buffer (pH 7.4) and 0.6 mL 3% osmium tetroxide. Samples were allowed to fix for 72 to 96 h. The osmium-collidine buffer was removed by aspiration and 20 mL of 8 M urea in 0.154 M NaCl was added to each vial. The cells were allowed to remain in this solution for 7 d. Fixed cells were filtered through 240-, 64-, and 10-μm nylon mesh screens using 0.01% Triton (SigmaAldrich, St. Louis, MO) in 0.154 M NaCl. The osmium-fixed adipocytes were counted and sized by a Coulter Counter, model ZM, equipped with a channelizer, model 256 (Coulter Electronics, Hialeah, FL).
Source of Chemicals
Unless otherwise stated, chemicals were purchased from Sigma Chemical Co. and Fisher Scientific (Fairlawn, NJ). Radiolabeled materials were obtained from Amersham Radiochemicals (Arlington Heights, IL).
Analysis of Data
Data were analyzed using the MIXED procedures of SAS (SAS Inst. Inc., Cary, NC). Investigated fixed effects included breed group, calf sex, year of record, slaughter date, and interactions. Linear covariates investigated included animal age in days and order of slaughter within slaughter date. Family (which represented sire and dam) nested within breed group was a random effect in all analyses. Effects were excluded from final models when they had F ratios with P > 0.25. When breed group was important (P < 0.25) in preliminary models, additional analyses were conducted in which breed group was modeled with 3 levels: three-fourths Brahman one-fourth Angus, threefourths Angus one-fourth Brahman, and F 2 animals. Least squares means were predicted for breed group as the effect of interest, and linear combinations of breed group least squares means were estimated as follows: among three-fourths Angus calves: calves produced by straightbred dams -calves produced by crossbred dams = 0; among three-fourths Brahman calves: calves produced by straightbred dams -calves produced by crossbred dams = 0; among three-fourths Angus calves with crossbred dams: calves produced by Brahman-sired F 1 -calves produced by Angus-sired F 1 = 0; and among three-fourths Brahman calves with crossbred dams: calves produced by Brahmansired F 1 -calves produced by Angus-sired F 1 = 0, three-fourths Brahman calves -F 2 calves = 0, three-fourths Angus calves -F 2 calves = 0, and all three-fourths-progeny calves -F 2 = 0.
No observations were recorded for F 2 calves for fatty acid desaturase or elongase activities. In addition to the traits described above, 2 ratios were analyzed: the palmitoleic acid (16:1n-7)-to-stearic acid (18:0) ratio, to provide an independent measure of adipose tissue SCD activity , and the ratio of MUFA to SFA (14:1n-5 + 16:1n-7 + 18:1n-9)/ (14:0 + 16:0 + 18:0) to provide an additional estimate of SCD activity.
RESULTS
Model Components
Breed group was significant for s.c. adipose tissue concentrations of cholesterol, myristic (14:0), palmitic (16:0), and linoleic acid (18:2n-6; P < 0.05) but not myristoleic (14:1n-5), palmitoleic (16:1n-7), stearic (18:0), oleic (18:1n-9), or α-linolenic acid (18:3n-3; P > 0.10; Table 2 ).
Breed group was not important (P > 0.10) for these s.c. adipose tissue characteristics: cellularity (adipocytes/100 mg adipose tissue); adipocyte mean volume; NADP-MDH, 6PGDH, elongase, or SCD activities; or palmitate or glucose incorporation into lipids (Table 3) . Breed group, however, approached significance in analyses of G6PDH activity and acetate incorporation into lipids (P < 0.10). In i.m. adipose tissue, breed type was a significant effect for G6PDH and fatty acid elongase activities and approached significance for 6PGDH activity and acetate and glucose incorporation into lipids (P < 0.10). Breed group was not important for i.m. adipose tissue cellularity, mean adipocyte volume, palmitate incorporation into lipids, or NADP-MDH and SCD activities. Kill date was a significant source of variation for all measures of cellularity and metabolism except for NADP-MDH activity and acetate incorporation into fatty acids in s.c. adipose tissue (Table 3) .
Year and Kill Date
Kill date was a significant source of variation for s.c. cholesterol and most s.c. fatty acids as well as for most measures of lipogenesis (Tables 2 and 3 ). Year of kill was a significant source of variation for s.c. adipose tissue 16:0, 18:0, and 18:2n-6 fatty acids. In s.c. adipose tissue, year of kill was a significant source of variation for all lipogenic traits except G6PDH and palmitate incorporation into lipids. In i.m. adipose tissue, year of kill was a significant source of variation for adipose tissue cellularity and volume, NADP-MDH activity, and palmitate incorporation into lipids. In general, all in vitro measures of lipogenesis were lower in magnitude in cattle slaughtered fall 1993 and summer 1994 than at other kill dates; there was no interaction with progeny breed type (data not shown). Table 4 contains contrasts of all possible progeny combinations, limited to dependent variables that were significantly affected by progeny composition. Cholesterol concentrations in s.c. adipose tissue differed for three-fourths Angus, three-fourths Brahman, and all three-fourths Brahman and three-fourths Angus progeny combined vs. F 2 progeny. The proportion of 18:3n-3 in s.c. adipose tissue differed between Brahman × (Angus × Brahman) progeny and Brahman × (Brahman × Angus) progeny, whereas s.c. adipocyte volume differed between three-fourths Angus and F 2 progeny and between all three-fourths progeny and F 2 progeny. In i.m. adipose tissue from three-fourths Brahman offspring, acetate incorporation into lipids differed between F 1 × Brahman progeny and Brahman × F 1 progeny, whereas in three-fourths Angus offspring, glucose incorporation into lipids differed between Angus × F 1 progeny and F 1 × Angus progeny. The activity of 6PGDH in i.m. adipose tissue differed between Brahman × (Angus × Brahman) progeny and Brahman × (Brahman × Angus) progeny.
Progeny Differences
Least Squares Means for Adipocyte Cellularity, Lipogenesis, and Fatty Acid Composition
Comparison of three-fourths Angus, three-fourths Brahman, and F 2 least squares means for s.c. and i.m. adipose tissue measures of lipogenesis and cholesterol and fatty acid composition are presented in Tables 5  and 6 , respectively. Detected differences between the 2 breed groups were limited. The activities of NADP-MDH and 6PGDH in s.c. adipose tissue were greater in F 2 progeny than in three-fourths Angus progeny (P = 0.02; Table 5 ). Fatty acid elongase activity in s.c. adipose tissue was greater (P = 0.03) for three-fourths Brahman cattle than for three-fourths Angus cattle (Table 5 ). Intramuscular adipocyte volume (P < 0.001) was lower in three-fourths Brahman cattle than in threefourths Angus cattle. The activity of NADP-MDH was greater in i.m. adipose tissue of F 2 offspring than that of three-fourths Angus offspring (P = 0.01; Table 5 ).
The s.c. adipose tissue concentrations of cholesterol and linoleic acid were greater (P < 0.05) in three-fourths Brahman cattle than in three-fourths Angus cattle or F 2 cattle (Table 6 ). The concentrations palmitic acid was greater in three-fourths Angus s.c. adipose tissue than in three-fourths Brahman or F 2 s.c. adipose tissue (P = 0.003).
DISCUSSION
The most heat-tolerant cattle in the United States are B. indicus full-blood and crossbred breed types (Chase et al., 1997) , and these cattle are extensively used in the subtropical regions of the United States and Central and South America. The 2 main genetic differences related to beef quality between B. taurus and B. indicus cattle relate to tenderness and degree of marbling (Crouse et al., 1989; King et al., 2006; Stolowski et al., 2006; reviewed in Herring, 2014) , but measures of in vitro lipogenesis and fatty acid compositional differences among breed types also have received attention. Many of our earlier studies have indicated that there existed differences in adipose tissue metabolism between B. taurus and B. indicus steers and heifers (Wheeler et al., 1990; Miller et al., 1991; St. John et al., 1991; Huerta-Leidenz et al., 1993 . All of these previous investigations involved small numbers of animals (typically less than 10 per breed type) sampled at a constant age. Similarly, a more recent report of differences in fatty acid composition among Angus, 2 Activities of nicotinamide adenine dinucleotide phosphate-malate dehydrogenase (NADP-MDH), glucose-6-phosphate dehydrogenase (G6PDH), 6-phosphogluconate dehydrogenase (6PGDH), fatty acid elongase (Elongase), and stearoyl-CoA desaturase (SCD).
3 Acetate, palmitate, or glucose incorporation into total lipids in vitro.
4 ns = not significant (P > 0.10).
5 na = effect not included in analysis. † P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001. (Dinh et al., 2010) . We typically sample at an age-constant endpoint, because age has a profound impact on rates of lipid metabolism in bovine adipose tissue (Smith et al., , 2009 Chung et al., 2007) . In our earliest comparison of B. taurus and B. indicus breed types, Hereford, Hereford × Brahman, Brahman × Hereford, and Brahman steers were fed a finishing diet at weaning until they reached 1 cm of s.c. fat thickness over the 12th thoracic rib (Wheeler et al., 1990) . In spite of having similar AFT and yield grades, the Brahman carcasses had less marbling (Traces 80 ) than the Hereford or crossbred cattle (Slight 36 to Slight 78 ), indicating that deposition of s.c. and i.m. adipose tissue was independently regulated in these 2 breed types, as suggested by an earlier study (Smith and Crouse, 1984) .
Yield grades, AFT, and marbling scores of Angus and Santa Gertrudis steers markedly differed when the steers were fed a finishing diet for 180 d (15 to 16 mo of age; Miller et al., 1991) . The Angus steers had significantly higher marbling scores and AFT, and Angus s.c. and i.m. adipocytes were larger than those from Santa Gertrudis steers. Similarly, the activity of fatty acid synthase (FAS), which limits de novo lipogenesis in bovine s.c. adipose tissue (Smith and Prior, 1986) , 2 Volume = subcutaneous adipocyte volume.
3 Acetate or glucose incorporation into total lipids in vitro in intramuscular adipose tissue.
4 Activity of 6-phosphogluconate dehydrogenase (6PGDH) in intramuscular adipose tissue.
5 ns = not significant (P > 0.10). † P < 0.10; *P < 0.05. 1 Cellularity = 10 5 cells/100 mg of adipose tissue; volume = adipocyte volume, pL.
2 Rates for lipogenesis from acetate, glucose, and palmitate: nmol substrate incorporated·2 h -1 ·10 5 cells -1 .
3 Rates for nicotinamide adenine dinucleotide phosphate-malate dehydrogenase (NADP-MDH), glucose-6-phosphate dehydrogenase (G6PDH), and 6-phosphogluconate dehydrogenase (6PGDH): nmol substrate converted to product·min -1 ·10 5 cells -1 . 4 Rates for fatty acid elongase (Elongase) and stearoyl-CoA desaturase (SCD): nmol substrate incorporated·7 min -1 ·10 5 cells -1 .
was nearly 2-fold higher in Angus s.c. adipose tissue than in Santa Gertrudis s.c. adipose tissue (11.6 vs. 5.9 nmol·min -1 ·10 5 cells -1 , respectively). The activity of FAS was 18.6 nmol·min -1 ·10 5 cells -1 in Angus i.m. adipose tissue, but FAS activity was nearly undetectable (1.9 nmol·min -1 ·10 5 cells -1 ) in Santa Gertrudis i.m. adipose tissue. Similar results were observed for NADP-MDH, hexokinase, and G6PDH, although ATP citrate lyase, 6-phosphofructokinase, and 6PGDH did not differ between breed types (Miller et al., 1991) . These findings were interpreted to mean that for these B. taurus and B. indicus breed types, differences in s.c. and i.m. adiposity could be explained by the greater degree of differentiation of Angus adipose tissues. In a subsequent comparison of B. taurus and B. indicus steers, St. John et al. (1991) fed Angus and Braford steers a corn-based finishing diet to the same AFT (1.9 cm). The cattle were slaughtered at a constant live weight (400 kg), so the Angus heifers were 12 to 14 mo of age at slaughter whereas the Braford heifers were 10 to 12 mo of age. Unlike the comparison of Angus and Santa Gertrudis of Miller et al. (1991) , there was no difference in marbling scores or AFT between the Angus and Braford heifers of St. John et al. (1991) . Subcutaneous adipocyte volume and activities of all lipogenic enzymes, including fatty acid elongase and SCD, were similar between breed types, indicating that they were at the same stage of differentiation.
There are no reports of i.m. adipose tissue metabolism in B. taurus and B. indicus cattle raised to a constant AFT. Our previous report (Wheeler et al., 1990) suggested that i.m. adipose tissue of B. indicus cattle would be less differentiated than that of B. taurus cattle even when the cattle were raised to a constant AFT endpoint. The cattle of the current study were raised to a constant age endpoint, but there also was no difference in AFT among breed types (King et al., 2006) . Similarly, there was no difference in s.c. adipocyte volume between three-fourths Angus and three-fourths Brahman offspring; only fatty acid elongase activity differed between the three-fourths Angus and three-fourths Brahman cattle, and this difference was small in magnitude. In contrast, i.m. adipocyte volume and G6PDH activity were greater in three-fourths Angus cattle than in three-fourths Brahman cattle. These results are consistent with our earlier investigation (Wheeler et al., 1990) and suggest that i.m. adipocytes from the LM of three-fourths Angus progeny were more mature than those of three-fourths Brahman progeny.
In a previous study, AFT and proportions of total SFA were greater in mature Hereford cows (1.69 cm; 38.8%) than in mature Brahman cows (1.32 cm; 34.5%), suggesting that SCD activity was greater in the mature Brahman cows (Huerta-Leidenz et al., 1993) . Similarly, s.c. adipose tissue from Hereford calves contained a higher proportion of SFA and less MUFA than s.c. adipose tissue from Brahman calves sampled at 3 times after weaning (Huerta-Leidenz et al., 1996) . The studies of Huerta-Leidenz et al. (1993 suggested a genetic basis for differences in fatty acid composition between B. taurus and B. indicus breed types. However, the cattle of these earlier studies were the same age and differed in adiposity (Hereford > Brahman). In the present study, there were no differences in the MUFA:SFA or the palmitoleic:stearic acid ratios of the three-fourths Angus and three-fourths Brahman cattle. The latter measure is a sensitive index of SCD catalytic activity Chung et al., 2006 Chung et al., , 2007 , which also was not different between breed types. Therefore, no differences existed in the ability of s.c. adipose tissue to Δ9 desaturate fatty acids between breed types or among families within breed types. Fatty acid composition of the i.m. adipose tissue was not measured in these cattle. However, the lack of difference in i.m. adipose tissue SCD activity between breed types indicates that i.m. fatty acid composition also would have been similar between these three-fourths Angus and three-fourths Brahman cattle. These results are similar to those of a more recent study (Dinh et al., 2010) , which reported no differences in SFA or MUFA between Angus and Brahman steers raised to a constant age endpoint, even though Angus LM contained more i.m. lipid than Brahman LM.
A significant logarithm of the odds score for fatty acid composition has been demonstrated on BTA19, 18 cM from the centromeric marker BM6000 (Taylor et al., 1998 (Campbell et al., 2001 ), but there were no significant QTL on BTA26 for palmitic, stearic, or oleic acid (Campbell, 1998) . Uemoto et al. (2011) performed a genomewide association study in a related population of Japanese Black cattle and demonstrated loci association with oleic acid on chromosome 19 (but not chromosome 26), which primarily were located near the FAS gene. These findings suggest that overall fatty acid biosynthesis rather than SCD activity determines the relative concentrations of SFA and MUFA. However, in the current study, differences in fatty acid composition among progeny groups were small, and there were few differences in our in vitro measures of lipid metabolism. Assays were conducted at or near maximal rates for incorporation of substrates into lipids and lipogenic enzymes, so these assays may not have reflected in situ conditions. Regardless, these results suggest that, for our Angus and Brahman progeny, genetic regulation of adiposity and lipid composition was less important than production (i.e., environmental) effects. Samples of s.c. adipose tissue from three-fourths Brahman cattle actually contained a higher cholesterol concentration than those in three-fourths Angus cattle. Our method of analysis of cholesterol does not allow us to separate between cholesterol esters, which would be concentrated within the central lipid vacuoles, and free cholesterol, which resides primarily in the membrane fractions. The cholesterol concentration within the membrane fraction is relatively constant, so the data indicate that s.c. adipose tissue from Brahman cattle contained a greater concentration of cholesterol esters.
Aside from the breed differences noted for means of three-fourths Brahman and three-fourths Angus breed groups, results gave limited support for other types of genetic effects. Subcutaneous adipose tissue cholesterol concentrations and adipocyte mean volume means of F 2 animals were less than those of threefourths Brahman (cholesterol only), three-fourths Angus, or all three-fourths Brahman and three-fourths Angus groups combined. These deficits consist of the differences between breed effects minus maternal heterosis, which cannot be further distinguished in these groups. When combined, the difference between threefourths-Brahman and three-fourths Angus groups combined means minus the F 2 means estimates onehalf of the maternal heterosis (negative in sign). The detected difference in α-linolenic acid concentration in three-fourths Brahman progeny out of reciprocal F 1 cows (Angus-sired > Brahman-sired) gave the appearance of a reciprocal maternal effect. The difference detected between three-fourths Brahman progeny out of Brahman or F 1 dams may be indicative of maternal heterotic suppression of acetate lipogenesis. These speculations are noted here only because of the limited knowledge of specific breed or genetic effects on such traits in cattle.
Finally, mention should be made of the significant effects of kill date on lipid composition and metabolism. All cattle were backgrounded on native pasture for an average of 220 d before adaptation to the finishing diet. Pasture quality could not be controlled, and because there was no interaction with progeny breed type, both year of kill and kill date were considered environmental effects.
To date, the only convincing argument for a genetic influence on fatty acid composition is for breed types widely varying in total muscle lipid or carcass adiposity. This includes cattle of Asian genetics, including Japanese Black cattle (and their American Wagyu counterparts) and Korean Hanwoo cattle. Japanese Black and Korean Hanwoo share common ancestors (Zembayashi et al., 1995; Smith et al., 2006; Uemoto et al., 2011) , and muscle and adipose tissues from these cattle are higher than in typical breed types raised in the United States, even when raised under identical production conditions. Similarly, heritability of total muscle MUFA was high (0.85) in a population of Angus, Simmental, and Piedmontese steers (n = 236) that were homozygous for the normal myostatin genotype, heterozygous for inactive myostatin, or homozygous for inactive myostatin (Ahlberg et al., 2014) . Based on percentage of total lipid, heritability estimates for muscle MUFA were lower (0.60) but still high. The variation in MUFA in the cattle population of Ahlberg et al. (2014) was considerable: 26.6 to 56.7% in the semitendinosus muscle and 33.2 to 55.0% in the longissimus thoracis muscle. The variation in MUFA was much less in the current study; this limited our ability to detect genetic differences in the resource cattle population. Similarly, Cesar et al. (2014) reported low heritability for MUFA (0.14), which they attributed to the low variation in fatty acid composition in their population of 386 Nellore (B. indicus) steers.
In conclusion, there were few differences in measures of fatty acid metabolism in s.c. adipose tissues of three-fourths Angus and three-fourths Brahman crossbred cattle. However, several differences were observed in i.m. adipose tissue that were consistent with this being a less developed adipose tissue in three-fourths Brahman cattle.
